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(54) Pane) structure, a friction welding method- and a panel 



(57) This givanlionpn3¥idasaoofifioj w alion of a joint 
wai auowps a sauSTBCTory wowoo |oen io oe rorrneo wan 
reduced defonnatlon ot the joint region whan two-face 
structures (panels) are friction-welded end to ends The 
panels 31, 32 each have two substantially parallel pbles 
33, 34 artd a third member 35 cormect^ 



3pl 34. The en d portion s of the plates 33, 34 ot one panel 
32 are f ricfavwekted to the end portions of the plates 
33, 34 of me other panel 3£ At least one of the panels 
has a p fate 38 at its end to r connecting the plates 33 
and 34 and has a rigidity to support a pressing force pro- 
duced during the friction welding. 
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Description 

ROD OF THE INVENTION 

TtmpreseminweritofBtBtotoafrfctowsl^ * 
method thai is sufiabfy appfied to panel wetting used, 
tor example, In aluminum alloys caDway cars and bu» 

two4ace structure (panel) for raifway cars using 
hoitow shape members Is cfisctosedtn Japanese Patent re 
LaaK)pen No. 246883^1990. and anchor using torn*, 
nated paneb such as honeycomb panels b dbctaed In 
Japanese Patent LakKOpen Na 106661/1994. 

FnctimstirwekJfcgfepertomtedbyr^^ 
todinsertad In a JoWrsgJon to heat arxJptastictteihe * 
|dnl region thus tormlnga weld TMs weiring bappfied 
to a butt joint and a lap Join Thb Is descnoed in wo 
93H0936 (which to the same as wo 0615480B1 and the 
Publshed Japanese Tfanstatkjn.ol^Pa^ Appfica- 
tion from another country Na 505090(1995) and the so 
Wakflrtg & Metal Faltffcatfaa January 199S, pa 13-ia 
Reference should be made'to these documents for ex- 
pbnation of Unction stir wskfin o, which is employed in 
the present invention. 

InfrictionstvweUiDath^ « 
metal being extruded from irtmediaieJy beneath the n> 
fating too) (round rod) to the surface oWig the wetting 
results In a downward force acting on the Joint region. 
Thus, when this wekfing method bappfiedtoatwoiace 
structure (panel), this downward force c au se s the Joint & 
materia) at the Joint region to flow downward, deforming 
the Joint This mates it Impossible to ptoduco a satisfac- 
tory wekt 

T*o-tace structure© (panels) include hoCow shape 
members madeof extruded afemtinumaltay and honey- 35 
comb panels, Joining such panels has been eocon> 
pfished by M1Q wekfing and TIG wekfing. When thefnc* 
tion wekfing b applied to such a Joint, the Joint ts bent 
oown or the materia) in the JcW 

oownbyacbwnwardfoicepraSu^ 40 
wekfing. 

The rrventor has found tho above phenomena to a 
variety of exverijiwrls. 

PrefeiabV»ftbaflrstc*}ecttopro 
ws«edjc>imbym*rwni^ «* 
gjon when two laces are frktkxi-woJded 

Preferably, a to a second object to provide a satis- 
factory welded Joint when one face b frtax*>weldea 

ItbetHrd object toenabJe two faces to be welded 
together in a short tirr»wtti^cteformatioa » 

Preferably. nbatMrdc^iecttoerablatwDtacesto 
be welded together in cxxwectir^ 
plates forming two faces. 

Theseeond object brealized by prov^ 
bars at the Joint region with a raised portion that pro- « 
trudes toward the friction wekfing tool side. 

The third object b realized by disposing rotary toob 
tof friction wekfing on both skies of the objects to bo 



wetted, ptadng the rotation center of one of the toob 
on an extension of the rotation center of the other tool, 
and performing friction wekfing simultaneously. 

Figure 1 b a vertical cross secttadora embodi- 
ment of thb invention. 

Ffcura 2 b a vertical cross section of Frgurel after 
friction wekfing. 

Figure 3 is a vertical cross section of another env 
oooimenx or uus invention. 

. Figure 4 is a vertical cross section of Frgure3after 
incoon wexttna 

Figure 5 is a vertical cross section c! another em- 
bodiment of this invention. 

Figure 6 b a vertical cross section of RgureSafter 
friction wekfing. 

Figure 7 b a vertical cross section of stiD another 
entaSment of thb invention. 

Figures b a vertical cross section of Figure 7 attar 
friction wekfing. 

Figure 9 b a vertical cross section showing the pro* 
cedure of friction wekfing of a further embodiment of thb 
invention. 

Figure lOba vertical cross section of a further em- 
bodiment of this invention. 

Figure it b a vertical cross section of a further en> 
bodfrnent of this Invention. 

Figure 12b a vertical cross section of a furtrter em- 
bodiment of this invention* 

Figure 13 baverticaJctoes section da further 

fc-„-f~ ii i mt 4fet MhJ#t I— I II l ■■111 ii ■ 

DoOErnerTi o* mis swennon. 

Figure 14 tea vertical cross section of a further env 
bodiment of this invention. 

Figure 15 is a perspective view of a structural body 
of a railway car. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodfrnent shown in Figure 1 has a |oim con- 
figuration of eiHrtting type betwsm 
bers 31, 32 as paneb. Theholtow shape merrtbers31, 
32 have vertical ptate3.38.36 at their ends in the width 
direction. Before the wekfing, the vertical plates 36, 36 
are disposed ImmenTatBlybervBalha rotary to^ The 
vertical plates 38, 36 are opposed to each ether in con- 
tact It mey are spaced apart the o^ 
approximately 1 mm. On the extension of the interlace 
between the vertical plates 38, 38 Bes the center of a 
projection 52. The vertical ptates 38, 38 have a stiffness 
strong enough to sustain the otowrrward force rnentioned 
eerfer. The vertical pJates'38 are perpencScular to two 
plates 33, 34. The hoflow shape rnembers 31, 32 are 
formed by extmoVtg aluminum artoy. The upper an^ 
er faces of the hollow shape member 31 are flush with 
the corresponding upper and lower (aces of the hoOow 
shape member 32. That is, the hoflow shape members 
31, 32 have the same thickness. Thb b true also of the 
suc ceed ing embodiments. During the friction wekfing, 
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me boundary 53 between a tergfrdaam&m portion 51 
8*dthaprojseijon52daemafl«^^ 
rotary tool 50 is situated above the upper surfaces of the 
hofiow shape members 31. 32. Numeral 35 designates 
a pJuiaBy of members that ore anangsd in trusses to 5 
connect the two states 36, 38L The hoflow shape mem- 
bers 31, 32 each have bOatsraQy symntetrical end por* 
tions. The hoDow shape members 31, 32 are mounted 
on e bed (not shcwn)andfa>dirnmovBplyL The bed also 
Bssundar the vertical plates 38, 3a 

Friction stir welding b performed by rotating the tool 
50, ptungfrg the projection 52 into the joint region of the 
hoDow shape members 31, 32, and moving the projec- 
tion 52 along the joint region. The rotating center of the 
projection 52 Is between the two vertical plates 38, 38. ** 

Flgure2shows the two paneb after they are 
welded Reference number 45 denotes the shape of a 
weld bead after welding. On the extension of the border 
Gne between the vertical plates 38, 38 is situated the 
widh center of the wekl bead 45. The bead 45 Sesin an so 
area on the extension of the thickness of the vertical 
ptaJes 35, 3a The depth ot the weld bead 45 Is deter- 
mined by the hsfp^it of the projection 52 at the tower end 
of the rotary toot SO I n serted In the joint region 

W3h this construction, b ec au se the vertical plates ss 
36>38perrjeoo1cuWtolheptate83 
ucaj rorce procuceo ounng Die rncuon wexBno> roe jom 
region does not bendL offer bg a satisfactory Joint as 
shown in Figure 2. The vertical ptate 36 is made vertical 
to the plates 3& 34 as much as possfele. so 

The vertical plate 38 may be holed for a lighter 
weight. This is true also of the s uc ceedi ng embodi- 
ments* 

WeWng of the lower efde Is done by turning the ho)- 
low shape members upside down. ss 

The errtedbneni of Figure 3 has a vertical ptate 38 
at the end of onehoOow shape member 31 but not at 
the opposing end of the other hollow shape member 32. 
Cootero in the vertical ejection of the vertical plate 36 
ofthehoOowshapemsrrtodlarereces *> 
recefve the ends of projecting pieces 38. 36 of the hoQow 
shape member 32 These rece s sed portions are open 
in a osrecDon or iraexness or tne noaow snaps memcer 
31 and in a direction peipendicutaf to the thickness di- 
rection (toward the hollow shape member 32 side). *s 
Whontho pro je ctirig pieces 36 are placed (superposed) 
on the recessed portions, there b actually a clearance 
between them although they are In contact with each 
other in the figure. There is also a gap between the front 
ends of these members (Le*, between the p ro jec ti ng so 
pieces 38, 38 and tha cornets 33a. 34b)i The abutting 
joint portions on the upper face side of the two hottow 
6hapemerT^fa31.32ardthevertk^ptate38am^ 
uatedclrectiy below toe center d the rotary tod 50l The 
rotating center of the projection 52 of the wekfing toot ss 
50 is (fisposed on an extension of the center Gneolthe 
thickness of the vertical ptate 3a That Is, the joint region 
of the plate 33 (34) end ptate 33 (94) Is situated on the 



extension of the center Bne of the thickness of the ver- 
tical ptate 3R The comers 33b, 34b etferwfing from the 
ptates 33^ 34 to the recessed portions fie on anexterv 
sion of the center fine of the thickness of the vertical 
ptate 3a Considering the gap between the oomars 33b. 
34b and the projecting pieces 38. the comers 33b, 34b 
are situated sfightfy to the left of the extension of me 
center One of the thickness of the vertical ptate 3a The 
vertical pbta 38 has a rfgkfity to support the downward 
force. The horizontal gap between the front ends of the 
projecting p i eces 38 and the hoQow shape member 31 
is similar to that shown In Figure i. The height ot the. 
projection 52 of the welding tool 50 b approximately 
equal to the thickness of the projecting piece 3a The 
rec>c^ thai bptastlc and tTuid extends betow the project- 
ing pieco 38, and comes to have ajiajeata^er than ^ 
diameter of the projection 52, and the two hofiow shape 
members 31. 32 are frlcticfHvelded n fe ctesirab^ 
the friction weld be so formed as to extend beyond the 
contact area between the underside of the projecting 
piece 38 and the vertical ptate 3a 

.Figure 4 chows the state of the Joint after being 
welded The weld bead 45 bformed such that the width 
center of the weld bead 45 to situated on an extension 
of the thickness center of the vertical ptate 3a 

Tb support the vertical force, it b destrabtethat the 
rotating center of the tool 50 be located on the extension 
of the center One of the thickness of the vertical plate 
3a To make the quantity of joint of the left and right hol- 
tow shape members 31, 32 equal, rite desirable that the 
comers 33b. 34b be situated on the extension of the 
thickness center tine of the vertical plate 36. WhOe the 
projection 52 of the tool 50 should preferably be pbced 
in the range between extension fines of thickness of the 
vortical plate 38, the thickness of the-vertical plate 36 is 
determined by the vertical force, the position of the pro- 
jection 52 and the strength of the vertical plate 3a 
Hence, there may be a case that the thickness of the 
ptate 36 b smaller titan the diameter of the projection 
52. tn view of the possible errors of the position of the 
rotary tool 50 and those of the comers 33b, 34b. ftb 
desirable that the comers 33b, 34b be pos it io ne d In the 
range between extension fines of thickness of the verti- 
eel ptate 36\ and at least a part of the projection 52 of 
the toot 50 be sftuazed in the range. Thb arrangement 
enables the vertical ptate 38 to receive at (east a part of 
the vertical force, substantially preventing the deforma* 
ton of the joint As a result, a satisfactory joint can be 
formed When the bead 45 is taken as a reference, al- 
though the bead 45 b sOpJrtty larger than the projection 
52. the same as above can be said Thb b true also of 
the other embodiments. 

Compared with the case of Figure 1, thb joint con* 
figuration can minimize the surface sink of the joint re- 
gion even when the horizontal pep between the project- 
bg piece 38 and the hctiow shape member 31 b large. 
As a result, the joint has a good appearance and re- 
quires a reduced amount of putty for painting. This b 
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because the gap between tha two maiTibera b terminal* 
ed at a depth equal to the thickness d the p ro j ectin g 
ptaco36 It b atso considered thai thb jofrti configuration 
can reduce the weight Furthrjj; because one d tha hd 
low members b fitted into the other, the positioning in & 
the height direction of the two n members can beacconv 
pjbhedeasfy, 

The ends allhahoOowehape member 31 arebtfal- 
srafly symmetrical fri chape. The hoflow shape member 
32 are also bilaterally symmetrical. Attematrvely^ the hol- 
low ehape member 31 has one end shaped as shown 
lnRgure3and^o^end6hapedftotr»endolthe 
hotow shape member 32 d Figure a 

In the embodiment of Figure 5, there b virtually no 
vertical plats 38 btvnedfatfriy below the corners 33b» 34b 
of the recessed portion of the hoOow shape membef 31. 
The right end of the vertical plats 38 Bas on the extension 
dtfwjcomere33b,34biOnlhbexterc 
center of the tod SQL The end portion of the hoDow shape 
member 31 b given a ngkfiry to sustain the vertical bmm 
by making the lower projecting pbco 37atfhe)ceiMMck» 
er and Increasing the stee of the arcs extending from the 
front ends of the projecting pieces 37 to the plate 3& 
The projecting pieces 38 of the other hoOow shape 
member 32 are received in the recessed portions of the 
projecting pieces 37, as in the preceding embodiment 
d Rgure a. The second hoOow shape member 32 has 
a vertical plate 38 near the proj e ctions 38 for connecting 
the upper and tower pfates 33^ 34. This arrangement 
prevents the joint region from being detective even 
when there Is no vertical plate 38 directly below the cor* 
ner&d the recessed portions. It is noted, however, that 
below the ranga d bead 45 there rs a vertical plate 36 
d the panel 31. FSgureBshows the state after welding. 

tn the embodiment d Figure 5, the plate 38 of the 
hosow shape member 32 may be removed. 

Figure 7 shows another ernbodtaenX a variation d 
the preceding embodknent d Figure 5, In which th e joint 
region d the two hoDow shape members 31, 32 is pro- 
vfatad with raised portions 37a\ 38a protnrolng outside. 
This makes the joint region thick. The heights d the 
r aise d porti on s 37a> 38a are equal Other parts are stay 
fertothosod Figures, except that the vertical plate 36 
andtheprcjectkra37ares^^fi)lnnet 

VWh this configuration, 9 there Is a gap between the 
raised portions 37a and 38a before wefcfing, the gap is 
fated with the material d the raised portions 37a, 38a, 
when wetted* knprovtng the appearance and reducing 
the amount d putty required 

m conventional wejoeo jdohs, tnewejooeaonasa 
sink corresponding to the vdume d the tost materia} 41 
that has flowed down by the downward force, tn the joint 
configuration d Figure 7, the rotary tod 50 pJasticUes 
the raised portions 37a» 38a and torcosthem do w nward 
making up for the lost volume d the material 41. Thus, 
formation d sink can be prevented, owkfing a & alMftr > 
ton/ wetted joint Rgure 8 shew the shaped bead 45 
after welding. After wekfinp^ unnecessary parts, if any 



are cut ofl as shown. 

The raised portions 37a. 38a can also be applied to 
Figure 1,3 and 5 and to the subsequent errto&nenta 

Figure 8 shows a further embodiment, wrudiaflovra 
watering at the uppe r a n d lowertaces fr om only c ne sida 
The ends d the hottow shape members 31, 32 on the 
lowar side have projecting pieces 34a, 34a protruding 
flush with the lower plates 34, 34 greatly toward the op- 
posing hoflow shape member sides. The front ends d 
the projecting pieces 34a, 34a are virtually tn contact 
with each other. The front ends d the upper plates 33t 
33 are back from the front ends d the lower plates 34a, 
34a. The front ends d tha upper ptetes 33. 33 are corv 
nected to the lower plates 34* 34 through the vertical 
pistes 3&\ 3a The vertical plates 38, 38 are connected 
to Marmsdiate portions d the lower ptates 34. The top 
portions d the vertical plates 36, 38 are provided with 
recessed portions 3a 39 that receive a joW 60. Whan 
rnountadon the recessed portions 39, 38, the upper sur* 
faced the joint 60 b flush with the upper faced the 
upper plates 33^ 3a The cfctaixe between the two ver- 
tical plates 381 36 b long enough tor the rotary tod 50 
to be Inserted and b as short as possfefe.The rotation 
between the vertical plates 38 and the reces se d portions 
39 b the same as explained in the embodiments d Fio/- 
ure 5 and Figure 7. 

The welding pro cedur e w8) be deserted below, tn 
the stated Figure 9(A)» the front ends d the lower ptates 
34a, 34a are welded by the rotary tod SO. At thb time, 
the hoflow shape mernbers 31, 32. hducfing the joint 
region d the plates 34a. 34a. are mounted on a bed 
The upper surface d the bed (thai backs the bead) b 
flat The height d the projection 52 d the rotary tod 50 
is smaller than the thickness d the plates 34a, 34a This 
design ensures that the bottom surface after wefcfing is 
flat Thus, the bottom sifecaneasitybeusedas an outer 
eurfece of the structured a raftw^ 
outer surface being the surface on which no decorathre 
plate b mounted). Generally, the upper faced the frir> 
tion welded joint tends to be uneven (da boundary por- 
tion 51). 

Neo&asshovminFlg^9(B),to 
ed between the two hoflow shape members 3t, 32. The 
joint 60 b T-shaped fan vertical cross section both 
ends d the joint 60 are placed on the recessed portions 
3% 39, the lower enddavertical portion 61 has a clear- 
ance between & and the weld bead on the lower ptala 
The vertical portion 61 may be omitted. 

Next as shown in Figure 9(C)i the joint portion be* 
tween the joint 60 and the hdto b 
fhtoton-welded by the rotary tod 50. The rotary tod 50 
need not be the same as used in Rgure 3(A). 

Then, as shown in Rgure 9(D), the joint portion be- 
tween the joint 60 and the hoOow shape member 32 b 
friction-weWod by the rotary tool 50. 

Thb procedure allows tha welding to be performed 
from one skte and eliminates the Inversion work. With 
the inversion work eJimrnatedl there ^ 
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tfte time required tor inversion and postfbfring and the 
inversion device a/s unnecessary; and even the assem- 
bly precision is improved. 

Rgure 10 snows another embedment, m which 
both the upper and tower sides of the hollow shape 
mambers SI, 52 are friction welded at the same time. A 
rotary tool 50a for the tower side b verticefly below the 
wekfing tool 50 tor the upper sJde. The projection 52 of 
the second wekfng tool 50a faces up. The two wakfing 
tools SQL 50a facing each other are moved at the same 
speed to perform friction wetting. Denoted 70, 70 are 
beds (tables). The rotating centers of me toots 50 and 
50aereonthesarneBne,onwhWifetheioirtre^of 
the hoSow shape members 31 .32. 

Because witfi this anangBment me rotating center 
of the second toot 50a is positioned on the extension of 
the rotating center of the first tool 50, forces batancewtth 
eachomeraQowingo^joirittobeweldedinashoitlffie 
wfrh Btflo detoo nation. Further, because there is no need 
to invert the hollow shape members 31, 32. the wekfing 
can be performed in a short time with tittle deformation 
of the Joint 

tws embodtnent can oe appueo omer emooo> 

merits. 

The preceding errterfmenta have used hofav 
shape members as panels to be (otoed The toflowtng 
embodflnents show the friction weMfog spotted to hen- 
eyoomb panels. As shown in Figure 11, the honeycomb 
panels 80a, 60b com prise two surface plates B1, 62, 
core rrtsmDsrs oa navvig nonoyccmD-BKB ceus, ana 
edge members 84 arranged along the edges of the sur- 
tace plates 81, 82. wBh the core members 83 and the 
edgenwmbers 84 soldered to the surface plates 61, 82 
to term integral structures. The surface plates 81, 82. 
the core members 83 and the edge members 84 are 
made of aluminum afloy. The edge members 84 are 
made by extrusion and have a rectangular cross sec- 
tion AO sides of thb rectangular cross section is larger 
in thickness than the surface plates 81 ,82. The vertical 
sides of the mutually contacting edge members 84, 84 
have the same thickness as shown in Figure 1. The two 
honeycornb panels B0a» 80b have me same UikJw t&s&> 

The embodiment of Figure 11 corresponds to the 
one shown in Figure 1. The height of the projection 52 
of the rotary tod 60 is larger than the thidmoss of the 
face ptetes 81, 82. This aOows the tee plates 81, 82 
and the edge members 84> 84 to be welded. The load 
acting on the panels 80s, 80b is bansmnted mainly by 
the edge members 84. After bewgfabricated, the panels 
80a» 60b are assembled and fricttoowoldodl 

The embodiment of Figure 12 coiresponds to the 
one shown in Figure 3l The edge member 84 of the hon- 
eycomb panel 80a has a generally rectangular cross 
section and has recesses at the comers. The edge 
member 84 of the honeycomb panel 80b is Bke a chan- 
nel, w&h its opening facing the honeycomb panel 60s. 
The open ends of the edge member 84 are put on me 
re ces6eoponjorisOiinBBogpmsinpw 



comb parte! 80a. 

The honeycomb panel correspomfing to Figure 5 

W Kik.Lnln J 1 - _ 1 

can oe raDnc&ieo in a scnuar mannsr. 

Figure 1 3 shows stifl another embodiment thai cor- 

s responds to Rgure 7. After two ho neycomb pa nels 60a. 
60b are assembled, a plate 88 is placed on the face 
piates81, 61 and temporarily wakted to them. The plate 
68 mates uptorthe material that bpiasticbedand flows 
ouUn Figure 12, one vertical piece of the edge m ember 

to of the honeycomb panel 80a is removed. The vertical 
force is supported by the thickness of the horizontal 
piece of the edge member 84 and the surrounding parta 
Figure 14 shows a further embocfimert ol this inven- 
tion. The preceding embodiments up to Figure 13 tn- 

is eludes panels having two faces (face plates), whereas 
the embod im e nt of Figure 14 includes panels 91, 82 
raving vlniiany a smgte face (face 
Hon w akfing is performed at two l ocation s, at the abut- 
ting ends of the panels 91, 82. the outside with face 

so plates 94 arri the trmer side v^ no face p^ 

fore, the Jorrt regions on the Inner side are provided with 
narrow face plates (face plates 93l 99). The narrow face 
plates 93^ 93 are supported by vertical plates 96. 9a tn 
this example, too, the vertical plates 96 are virtually per* 

2S paadfcut&r tothe face plates 93,94. The facepJates93L 
94 are provided with raised portions 37a 38a stmaarto 
the ones shown in Figure 7. The face plates 9* 94 have 
apJurafityclrefftfcrcm^ 

intervals. The rtos 95 are T-shaped in cross section. The 

so top surfaces of the ribs 95 are flush w&h those of the 
face plates 93 of the joint region To the top surfaces 
reinforcing members (such as pillars) may be welded, 
or the top surfaces serve as mounting seats for articles. 
Further, the face plates aJso 9a 93 serve as a sea! for 

ss controlDngtherteightcftte 

rying the toot 50 travels along the face plates 93, 9a 
Because cf the provision of the face plates 93, 94, the 
panels 91, 92 can also bo said to form a two-face strue- 
tura The panels 91, 92 are extruded shape members. 

40 WhBe Rgure 14 shows the vertical plates 96> 96 of 
the panels 91 and 92 opposing each other at the joint 
region, as in the configuration of Figure 1,tt Is p ossible 
to place one of the vertical plates over the omer, as 
shown to Figure 3, 5 andT. 

45 Figure 15 shows an example of application of this 
embodiment tothe structural body of a railway cat The 
structural body has side bodies 101, a roottody 102. a 
floor body 103. and gable bocfies 104 at the ends in the 
longiZucfinai duuetion. The side bo di es 101 and the roof 

w boiV102 have panebGtl. 32. 60a, 60b, 91, 92 wn^ 
long sides are oriented In the tongjtutisia) direc ti on of 
the car. The joining between the side bodies 101 and 
toe roof body 102 and between the side botfieslOland 
the floor body 103 is accomplished by M1Q wekfing. The 

» roof body 102 and the side bodies 101 are oftenshaped 
into arcs h cross section. When the panels 91. 92 are 
used for me side bodies 101 , the side having the vertical 
plates 96 and rfes 98 b made to face to the interior of 
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tho cbs and the refoforctng members constitute pi tars* 
Tho paneb 31 . 32 of Figure 9 may bo combined in 
8 minrx^rnage ajrengamenl The and of (ha projecting 
plain 34a of each pans) is ptacad on ths racas sa d por- 
tion 39 oftheptate 33of tho cthar parol TWsebvfaies s 
tho usb of tho joint GO and aflows Ih© ttnuftaraousftfe- 
Don waning oi ma |otni region com nom aDovs ano oe» 
km. Tho plates 33L 34a can be provided with raised por- 
tions, as shown in Figure 7. 



Claims 

1. A panel structure h which a second panel (32, 60b, 
92) bwektodtoa first panel (30. 80a. 91), cterae- « 
lonzeo w mat 

the first panel comprises a first ptats (33, B1 , 
93), a second plate (34, 82. 94) substantially 
parallel to tho first ptato, and a third ptate (38, 20 
64, 96) connecting the first plate and the sec- 
ono pcue ax metr enos, me intro pcae Deng 
substantially perpendicular to tho first ptate and 
the second plate; 

the second panel comprises a first plate- (33, 2S 
81, 93), a second plate (34,82.94) substantial- 
parallel to the first ptate, and a third plate (35, 
36L 83> B4, 9& 96) cormecfing tho first platoand 
the second plate; 

the first pfeto and the second ptate of tho sec- » 
ond pans! are welded to the first plate and the 
second ptato at tho end of the first panel; and 
at toast at the joint region of the first plates or 
at tho joint region of tho second plates, a bead 
of the joint region fisa tn a range on an eaten- ss 
skm fine of thickness of the third plate of the 
first panel 

2. A panel structure accon^g to ctaim 1, wherein the 
first plate or the second ptato of tho second penal *o 
is it tho range on tho extension fine of thickness of 
me wnso piaie or me nrst panet 

X A panel structure amordirig to claim 2, wherein 

45 

an end portion (37) ol the first panel on the inner 
side thereof protrudes toward tho second panel 
more than an end portion of the third plats of 
the first panel and 

the protruoxtg portion is paraOel to the firstplale so 
or second ptato of tho second panel connected 
to the bead 

4l A pane) structure according to claim 2» wherein the 
third plate of the first panel Is on an extension of the & 
center in the wkflh direction of the bead. 

fit A panel structure according to claim 1, wherein 



the second pane! has the third ptete (36^84, 96) 
at end portions of tho first ptato and tho second 
ptato. 

the third ptato of the first panel faces the third 
ptate of the second panel, and 
the bead fiesmarange on an extension line of 
thickness of each of tho third ptato s. 

& A panel structure aoconfing to claim t.whereinthe 
first plates are weced to each other, and tho second 
plates are welded to each other, and the beads at 
the joint regions Do in ranges on extension Jlnos of 
thickness of the third ptate d the first panel 

7. A panel structure according to claim 6, wherein tho 
first and second pariefe each have tho first and sec- 
ondptafescSspoGedvirtuaDypa^ 
of fourth plates (35, 83) are provided between the 
first ptate and the second ptatosv 

B> A panel structure according to claim 6, wherein the 
first and second panels have a plurality of fourth 
ptates (96) connected only to the first ptate. not to 
tho second ptate. 

9t A panel structure fn which two panels (31, 32) are 
weceo eo eacn oms£ cnaianenzeo tn mai 

the panels each have a first plate (33), a second 
pfete (34) subslantialV paraOal to the first plate, 
a plurafity of third plates (35) connecting the 
first ptato and tho second plate, and a fourth 
ptate (36) substantially perpendicular to the first 
ptate at an end portion thereof and connected 
to an fallen nec fate portion of the second plate; 
the fourth ptato is substantially perpendicular to 
the first ptate and the second ptate; 
end po rt ions of tho second plates are welded 
together; 

an end portion of tho first ptato of ono panel Is 
welded to an end portion of the first ptate of the 
• other panel thought a fifth plate (60); and 

- * - M - 9 * *- ^ ■ ^ ■ ■ |, .fc M*m*M. 

8a eacn or mo joint regions oexween me turn 
ptate and the first pia£es,abe^ 
region 60s fri a range on tho extension Oho of 
thtdmeso of each of tho fourth ptates. 

f 0L A panel structure m which two paneb (31. 32) are 
welded to each other, characterized in that the pan- 
els each have a first plate (33). a second plate (34) 
substantially parallel to tho first ptato, a plurality of 
third plates (35) connec tin g the first ptate and the 
second ptate, and a fourth ptate (36) substantially 
perpe ndi c ul ar to the first plate at an end portion 
thereof and connected to an intermediate portion of 
the second plate; 

tho second plate of ono panel is connected to 
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an end portion of the first ptate of the other pan- 

«* 

the second ptate of the other pane) & connected 
to an end portion of ths first plate of the one 
panefc and * 
at each of joint regions between the one pane) 
and ths other pans), a bead (45) Das h a range 
on the extension BneoJ thickness of each of the 
fourth plates. 

11. A method of fricdon-wetfng two panels (31. 32, 
80a. BOb, gi , 92). characterized h thai 

the panels each have a first plate (33. 81, 93). 
a second plate (34, 82. 94) substantia^ paraJ- 
lel to the first ptate and a third ptate (3& 96) 
connecting the first and second plates at their 
end portions; 

the third ptate is substantjaDy perpendicular to 

the first and second plates; 

the two panels are so* disposed that the third 

plates are o pp os e d to each other; and 

the first plates am M e l lo n welded from outside 

the panels. 

12. A method of (riction-wekfing panels according to 
dafm 11. wherein rotary teds (50, 50a) for friction 
waiting are cfispocod on the outside of the first 
plates and on the outside of the second plates, the 
rotating center of one of tho rotary tools to dispos ed 
substantially on an extension of tho rotation center 
of the other rotary tool and. in this state, the first 
pates areiffcuon woioeo to eacnoiner ana mo sec* 
end ptates are fncttorHNekted to 

taneousry. 

13l A rrteftod of friction-^ (31.60a. 
91)andasecondpanel(3e.B0b,92) v charactert^ 
in that 

tho first panel has a first ptate (33. 81, 93). a 
second ptate (34. 82. 94) substantial V parallel 
to tho first ptate. and a third ptate (36. 84. 96) 
conrtecung mo nrst ano sooono panes s men 7 
end portions* 

the third ptate Is substantially porpendlcutarto 

the first and second ptatBSC 

rocossed portions are formed at connection 

portions between the third ptate and the first 

plato and botweon tho thst) ptate and the sec* 

end ptate and are open in tho direction of thick* 

ness of the panel and in the dir ec ti on perperv 

dicutar to tho thickness d fr s cti on; 

the second panel has a first plate (33. 81). a 

second ptate (34. 82) substantially parafiel to 

the first ptate aridathird ptate (35. 84^ 

necting the first and second pla tes ; 

end portions of tho first ptate and the second 



ptate of the second panel are placed on mere- 
cessed portions of the first panel; and 
the superposed portions are frfcoon-weUed 
from outside along an extension of the third 
£ ptate of the first panel 

14. A method of frttion-wetdtag panels according to 
ctafrn 13. wharem rotary toots 50, 50a for friction 
wekfing are disposed on the outside of the first 

to plates artdon the outside of tho secondptates. 

and tho rotation center of one of the rotary 
tools Is disposed substantially on an extension of 
the rotation center of the other rotary tool and. in 
this state, the first plates are friction wektedtoeach 

is ether me second r^es axe fnctk^ 
other sirnuBansousry 

15L A method of tnetton-wekfing two panels (31. 32). 
cnaractenzeo in mat 

the two paneb each have a ftntf ptate (33). a 
second plate (34) substantially parallel to tho 
first ptate, a pturafty of third plates (35) corv- 
neding the first ptate and the second ptate. and 
25 a fourth ptate (38) substantially perpendfcutar 

to the first ptate at an end portion thereof and 
connected to an inter mediate portion of tho sec* 
end ptate; 

a recessed portim(39)ffletormedatacxmec- 
» Don portion between the fourth ptate and the 

first ptate and are open n the direction of thick- 
ness of the panel and in the direction perpen- 
dicular tome thickness direction; 
the second plate of one panel is placed on the 
as rocessedpCftfeno4 ths other panel and ths sec- 

ond plate of the other panel is placed on the 
recessed portion of the one panels and 
the superposed portions are frictiorHtfelded 
from outside along an extension of the third 
« ptate. 

1GL A method of friction-welding panels according to 
ctabu 15\ whereto the first plates arefrictcn-wekted 
to each other and the second ptates are friction- 
45 welded to iiach other ermjltsneousry from the out- 
side of the first plates and from the outside of tho 
second ptates. 

17. A method of frictfervwekfing two panels (31, 32), 
so characterized (n that 

the two panels each have a first ptate (33), a 
second plate (34) substantially parallel to the 
first ptate. a plurality of third ptates (35) con- 
« necting the first plateand the second ptate. and 

a rourm ptate (36) te substantially per^^ 
to tho first plate at an end portion thereof and 
connected to an Inter/ 1 ledlate portion of the sec- 
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and plate; 

the second plates of (ho two ponds are friction* 
watdad from the first ptate side, the first ptate 
being disposed above (to second ptate; and 
a fifth ptate 60 is than placed on each of (he 
fourth plates and tha fourth plates are friction* 
welded from above (he fiflh plates * 

ia A panel co mprisin g a first plate (33> 81, 93),asec- 
ond ptate (34, 82, 94) substantially parallel to the 
first ptate, and a third ptate (38, 96) cor if lectins the 
first ptate and (he second plate at ftafr and portions*, 
characterized v> (hat 

(ha third ptate bSMbstantfaOypaipeiiolcutaflD 
the first ptate and tha second ptatec that at toast 
at one of (he connection portions between tha 
third ptate and tha first ptate and between the 
third piste and tha second plats* a recessed 
portion (39) Is formed in a range on an axten- 
sion One of thickness of the third plate; and 
(ho recessed portion is open in the direction of 
thickness of the panel and in the Direction per* 
p o rK flcu far to the thicfc ne se o^rection. 

ia A panel accenting to claim 18, wherein at the re- 
cessed portion there is a projection (37) protruding 
parallel to the first plate and the second plate toward 
the end side of the panel more than (he third ptate. 

20. A panel according to datm IB, wherein on an ex* 
tension of the center of the thickness of the third 
ptate, there is a corner (33a, 34a) ex te nding from 
the recessed portion to the first ptate or the second 
plate. 

21. A panel accruing to dam 1& wherein at an area 
from tha recessed portion to the first plate or tha 
second ptate, there is a raised portion (37a, 38a) 
pioj sctt ^cutwBfp^inli^o ^ ac tf oncf thicknes s of 
the panel 

22. A panel according to claim IB, wherein the re- 
cesseo portion is rorrneo ai oom oonnecuon por- 
tions between the th&d plate and the first plate and 
between the third plate and the second plate 

23. A panel according to claim 22. wherein at each of 
the recessed portions, there tea pnx*x^ (37) pro- 
tnxfing paraDel to the first plate and the second ptate 
toward the end side of the panel more Pan the third 



24. A panel according to claim 22, wherein on an ex- 
tension of the center of the thickness of the third 
ptate, there are comers (33b, 34b) from (he re- 
cessed portions to (he tost to second plates. 



& A panel according to ctavn 22, wherein at areas 
tarn tha recessed portions to tha first and second 
ptates, there ara raised portions (37a, 38a) project- 
ing ourwarxfly In the direction of thickness of tha 
* parts! 

2a A panel comprising two substan 

(3% 34) and a third ptate (35, 36) correcting (he 
two plates, characterized in that raised portions 
io (37a, 38a) are termed at end portions of the two 
plates and project outwardly in the direction of thick- 
n ess of the panel 

27. A panel compri sing a first ptate (33). a second ptate 
ts (34)substarfttaIryparaiU 

of third plates (35) cx«necttng the first ptate ejtd die 
* second ptate, and a fourth ptate (38) connected at 
an end portion of the first ptate to an intermediate 
portion of the second ptate, characterized in that 

so 

the tourm ptate barbsta^ 
the first ptatec 

at .the connection portion b e tw ee n (he fourth 
ptate and Ore first ptate, a recessed portion (39) 
£* is formed in a range on an extension One of 

thickness of the third piala; and 
the recessed portion is open in the Erection of 
thickness of the panel and bi the direction per- 
pendScuter to the thickness direction 

so 

2a A panel comprising a ptate (33.34.81,82,93, 94), 
a pturaffiy of second plates (35, 36, 83, 85, 96) pro- 
truding from one side of the plate, and raised por- 
tions (37a, 38a) protruding at ends d the ptale from 
as the other face of the ptate. 

29. A method of tnctfan^weloTngtw^ 
80a, 80b, 91, 92* characterized in that 

40 two members each have a raised portion (37a, 

38a) disposed at one lortgjtudinal end and pro- 
truding from one side in the direction of thick- 
ness; and 

raised portions are abutted against each other 
45 and frictiorvwolddd from the raised portion 

3a A method of frksiorvweldlng two rnambers (80a, 
80b), characterized h that a third member 68 is 
so placed on an abutting portion of two merribers; and 
with me third merrrber fixed to the eibutting rnenv 
bers, the two abutting marrborsmoMtitorHMttad 
from above the third member. 

& 31. a method of frictkxvwIdSng two paneb (31. 32. 
80a,8ub,91,92),charadririzBdmthal 

two panels each have twDsubstantiaJVpaiaireJ 
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plates (33t 34, 81. 82. 9a 94). a third member 

(35, 36, 631 84, 95> 98) cermectttg the two 

ptales, andaraised portion (37* 38a) tfsposed 

at an end portion of at toast one of the two 

ptatesandprqtiudhgouhBnfy 

of Ihicxnoss of the panels more than tha two 

states; and 

the end portions of the panels are friction-' wolcV 
ed from outside in tho direction of thickness of 
the panels. 

32. A method of fTk^crvwekJing two rnernbers (31 . 32, 
80a, 80b. 91, 92* characterized fcn that two friction 
wetting rotary toots (50. 50a) are cfispoeed over 
joint regions of the two members, one) of tho toots 
onlha upper taoo side and the other on the lower 
face side of members to be woktedj 

the rotation center of one of the rotary tooto is 
di sposed eubstandaDy on an extension of the 
rotation center of the other rotary tool; and 
the two rotary tools are totaled and moved sK 
mii&aneousJy 

33l A panel stroctiire comprising first and second metal 
panels (31^80a60b$1,92) joined together 

each said panel having at one side a first face 
sheet (33j&1;94) and ai as opposite side a web 
(34;B2^3)paraD8l to and spaced from said first 
face sheet, and having at least one croes-menv 
ber (38;94) oonneenngsaidface sheet and said 
web. 

said first lace sheets (38£1;94) of respectively 
saidfirst and second panels being joined direct- 
rybysaidwekl^wm^riesawek^bead 
formed of metal of both panels which was not 
melted in the formation of the weki join!, 
said crose^nember (36$4) of at least one of 
said panels constituting a weld-support crose- 
rnsmbof which has one end lo cate d at thoodjgs 
of ine panel aj wncn san wefo jora » provneo, 
extends across the panel in a transverse dfrac* 
tion which is at an angle to said first face sheet 
or mo panel, ana nas a troexness ano wunxjn 
such that said wetting bead 45) Dee at toast 
partly In the projection area of said crose mom 
ber in said transverse direction. 

54. A panel structure acco rd ing to datm 33 wherein 
said first and second panels (38£1 ;94) both have 
a said weld-support crasa-rnerrtber (36£4) at their 
respective eo^ai which said weld ^ to provlr> 
eo\ the respective weld-support cTOSs^rtornbers ly- 
ing ftlofn^ide each othen 

35. A panel structure according to ctabn 34 having two 



said weld joints each having a wekfing bead (45) 
termed of metal of both panels which was not melt- 
ed mine formation ctffteweMjo^ 
joints lying respective* at oppos&a and* of said 
a weld-support crosa-msmbera (38£94X 

38L A panel structure according to claim 35 wherein 
said web of each of said first and second panels is 
a second face sheet (34;82). 

to 

37. A panel structure according to ctsJm 38 wherein, at 
said edges of said first and second panel at which 
said at least one wefeJ Joint b formed, said first and 
second lace sheets thereof are comprised of a 

is sheet mento(B1.B2) and a portion of a re in forc i ng 
edge body (B4) which Is connected by brazing to 
said sheet member, said weUfing bead being 
formed in both said sheet member and said rein- 
forcing edge body, and said reinforcing edge body 

& ,{B4) piovfolng sakJ weld-support cfos&^nember. 

3a A panel structure according to ctabn 33 wherein 
s aid firs t face sheet of one of said panels has a pro- 
jecting edge portion (38) and the other of said pan- 
as ebhas a rebate (33b.34b) receiving said proj ecting 
edge portion. 

39l A panel structure according to claim 38 wherein 
said web of one of said panels also has a projecting 
99 edge portion (38) and the other of said panels has 
a rebate (34b) receiving said projecting edge por- 
tion of sakJ web. 

4a A method of joining two members (31,32£0a.8Gb; 
35 91.S2) by friction stir wekfing, comprising the steps 

• of. 

0) arranging said members so that respective 
outer faces thereof are copt anar; and respec- 
40 tfve joint faces thereof are closely oppos e d 

• (BjinsertingB probe (S2) of rnatBrieih 

that of said two members between said join! 
faces and Into both joint members adjacent said 
joint faces and rotating said probe so as to gen* 
<S erata heal f rictionalJy and ptasticise malarial ot 

both said members, thereby to form a wekfing 
bead uniting the members without melting of 
the material of the members. 

SO wherein at least one of said members has a 

no (3ra*38a£6) upstanding from said outer face 
thereof adjacent said joint face thereof, said probe 
engaging said rib and at toast partly removing ft dur- 
tng the wekfing. 

55 

41. A method acconfing to claim 40 wherein said rib 
(37a, 38a) to In one-piece with the member on which 
& to provided 
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42. A method according to claim 40 vtorein said rib is . 
a separate piece (B6) connected to said mentor on 

WraCn I B pflMOBOpnOr up UW WBRwIg. 

4X A method exconfing to dsbn 40,41 or 42 vfte/ein 5 
both said members have said ribe. 

44 A method accon&ig to cfaim 40.41 or 42 wherein 
said rf>(B6) on 0R& said niunibuf extends ewer said 
outer face of the other 8aid member when said to 
members are auujiyed for wetdiig, and said probe 
(52) penetrates through eajd lib whan insetted into 
the members. 
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FIG. 1 
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FIG. 7 
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FIG. 12 
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